We investigated the fingerprints of 48 batches of turmeric total extracts (TTE) by HPLC-MS-MS and GC-MS analyses and 43 characteristic peaks (22 constituents from HPLC-MS-MS; 21 from GC-MS) were analyzed qualitatively and quantitatively. An MTT {3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide} assay was implemented to measure the cytotoxicity of the TTE against HeLa cells. Then we utilized orthogonal partial least squares analysis, which correlated the chemical composition of the TTE to its cytotoxic activity, to identify potential cytotoxic constituents from turmeric. The result showed that 19 constituents contributed significantly to the cytotoxicity. The obtained result was verified by canonical correlation analysis. Comparison with previous reports also indicated some interaction between the curcuminoids and sesquiterpenoids in turmeric.
Curcuma longa L. (turmeric) is a widely used natural product with multiple pharmacological activities, one of the major ones being cytotoxicity against tumor cells [1] [2] [3] [4] [5] [6] . It has two cytotoxic fractions: curcuminoids and sesquiterpenoids; most cytotoxicity studies of turmeric focus only on curcumin, demethoxycurcumin and bisdemethoxycurcumin [7] [8] [9] . However, it is still unclear whether other constituents possess cytotoxic activity. In this present study, we extracted 48 batches of turmeric purchased from different provinces of China and then analyzed the chemical constituents of turmeric total extracts (TTE) using HPLC-MS-MS and GC-MS analyses. We investigated fingerprints of the 48 batches of TTE and 43 characteristic peaks (22 constituents from HPLC-MS-MS and 21 from GC-MS), which were analyzed qualitatively and quantitatively. As a result, we identified 43 constituents from turmeric of which 22 are curcuminoids and 21 sesquiterpenoids. We also identified the cytotoxic constituents using orthogonal partial least squares [10, 11] and 19 potential cytotoxic constituents were identified. Canonical correlation analysis was also performed on the data obtained.
In our previous study, we extracted curcuminoids [12] and sesquiterpenoids [13] from turmeric and tried to identify cytotoxic constituents. In this study, we tried to identify potential cytotoxic constituents from TTE to see whether some interaction existed between curcuminoids and sesquiterpenoids and whether new potential cytotoxic constituents could be found. Ten previously not identified cytotoxic constituents were obtained and evidence for some interaction between curcuminoids and sesquiterpenoids in turmeric was demonstrated, although the mechanism of the interaction is unknown.
HPLC-MS-MS analysis:
In this study, both negative ion (-) ESI-HPLC-MS and positive ion (+) ESI-HPLC-MS were implemented to detect chemical constituents in TTE. Based on comparisons with the three standard compounds and fragmentation patterns of curcuminoids, we identified 22 curcuminoids (No. 1-22 in Table 1 ). Specifically, we identified curcumin, demethoxycurcumin and bisdemethoxycurcumin by comparing their chromatographic data with those of standard compounds. Jiang et al. [14] investigated the fragmentation behavior of the three major curcuminoids in ion trap LC-MS-MS and found that all the three yielded the same fragmentation patterns in both ion trap and ion cyclotron resonance instruments. In their following study [15] , they used both negative and positive ionization in LC-ESI-MS-MS analysis to identify curcuminoids in turmeric. They identified 19, based on comparisons with the three main curcuminoids and each other. In the same way, we identified 22 curcuminoids. Additionally, we quantified the 22 constituents (No. 1-22 in Table 2 ) by comparing their peak areas with that of the internal standard isoquercitrin. The result showed that the foregoing 19 characteristic peaks which had larger correlation coefficients were 10, 18, 22, 5, 14, 36, 8, 4, 12, 41, 11, 13, 6, 23, 16, 17, 7, 42, 34 (correlation coefficient from large to small). This result accorded with that from the VIP analysis. Therefore, the 19 compounds could be identified as the main cytotoxic constituents. In our previous study, we extracted the curcuminoids [12] and sesquiterpenoids [13] , respectively from turmeric and tried to identify the cytotoxic constituents from these two active fractions separately; 13 curcuminoids and 9 sesquiterpenoids were identified. This method would inevitably ignore the interaction between curcuminoids and sesquiterpenoids. In this study, we identified the cytotoxic constituents from the TTE which took the interaction between curcuminoids and sesquiterpenoids into account. This brought about a new discovery. Specifically, 19 cytotoxic constituents were identified, of which 14 were curcuminoids and 5 sesquiterpenoids. Of the 14 curcuminoids, six (peaks: 4, 5, 8, 10, 16, 22) were the same as those identified separately in the previous study [12] ; of the five sesquiterpenoids identified from the TTE, three (peaks: 23, 36, 41) were the same as those identified in the previous study [13] . The results differed from those derived from identifying curcuminoids and sesquiterpenoids separately. This indicated that some interaction between curcuminoids and sesquiterpenoids in turmeric exists, which is common in natural products containing numerous chemical constituents [19] [20] [21] . Until now, only two investigations [22, 23] concerning interaction between curcuminoids and sesquiterpenoids in turmeric have been reported. One [22] studied the effect of three turmeric extracts (one extract containing only curcuminoids, one containing sesquiterpenoids, and one containing both curcuminoids and sesquiterpenoids) on blood glucose levels in type 2 diabetic KK-A y mice; the result showed that curcuminoids and sesquiterpenoids had either additive or synergistic hypoglycemic effects. The other report [23] investigated the anti-inflammatory activity of fractions and subfractions of turmeric extracts. The results manifested that some fractions or sub-fractions resulted in a loss of activity, which indicated a possible interaction of the compounds within the fraction.
However, no research concerning cytotoxic interaction between curcuminoids and sesquiterpenoids in turmeric has been reported until now. Our study is the first to suggest such a cytotoxic interaction, but its mechanism remains unclear. More importantly, another 10 different constituents (peaks: 6, 7, 11, 12, 13, 14, 17, 18, 34, 42) were identified as potential cytotoxic constituents.
In this study, 19 potential cytotoxic constituents from turmeric were successfully identified. The interaction between curcuminoids and sesquiterpenoids was also suggested. Future research could be implemented to investigate (1) the cytotoxic activity of the obtained 19 constituents and their different combinations, and (2) the cytotoxic mechanism of the interaction between curcuminoids and sesquiterpenoids. [13] , and for MTT, to [12] .
Preparation of standard solution:
The three standards, curcumin (10.0 mg), demethoxycurcumin (10.0 mg) and bisdemethoxycurcumin (10.0 mg) were dissolved together in methanol; their final concentration was 20.0 μg mL -1 . All of the above solutions were filtered through a filter membrane (0.22 μm). Isoquercitrin (10.0 mg) was dissolved in methanol in a volumetric flask (10 mL) as an internal standard.
Preparation of sample solutions:
Each batch of turmeric was pulverized, and then 100 g was extracted with 500 mL ethanol, twice, using an ultrasonicator (15 min each time). The obtained solutions were filtered, combined and then evaporated to dryness under vacuum. The final product was the TTE. The extraction ratios of the 48 batches of turmeric ranged from 4.53% to 11.55%. For each HPLC-MS analysis, 0.100 g of the final product and 100 μL of the internal standard solution were dissolved in methanol in a volumetric flask (5 mL); the obtained solution was then filtered through a filter membrane (0.22 μm) and the filtrate utilized for analysis. HPLC-ESI-MS-MS analysis of TTE was performed on a Finnigan Surveyor HPLC system (ThermoFinnigan, San Jose, CA) coupled to a Finnigan LCQ Advantage ion trap mass spectrometer (ThermoFinnigan, San Jose, CA). 
HPLC separation of TTE:

MS and MS-MS detection of TTE:
A Finnigan LCQ Advantage ion trap mass spectrometer (ThermoFinnigan, San Jose, CA) equipped with electrospray ionization (ESI) as the ion source was used. The optimum parameters for negative and positive modes were as follows: ion spray voltage: 4.5 kV; sheath gas (N 2 ) pressure: 40 arbitrary units; auxiliary gas (N 2 ) pressure: 10 units with a threshold of 10 5 ; capillary temperature: 350 o C; isolation width of the precursor ions: 2.0 Th; collision energy for MS-MS: 35 eV; mass range measured: 150-700 m/z.
GC-MS and cytotoxic activity analyses of TTE:
GC-MS analyses of the 48 batches of TTE were implemented on an Agilent 6890/5975 instrument in the way described in our previous study [13] . The only difference was the temperature programming: initially at 60 o C for 1 min; then increased to140 o C at the rate of 4 o C /min and held at 140 o C for 10 min; afterwards increased to155 o C at the rate of 3 o C /min and held for 2 min; finally increased to 250 o C at the rate of 20 o C /min and held for 1 min. The cytotoxic inhibition ratios on Hela cells of the 48 batches of TTE were detected through a MTT {3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide} assay, as previously represented [12] .
